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7) ABSTRACT

Power source lines (183) for supplying drive current from
power source input terminals (180) to organic EL elements
(160) formed in a display pixel region having display pixels
are connected by a bypass line (181) along the row direction
within the display pixel region. This arrangement minimizes
decrease in power source current caused by resistance of the
power source lines (183) according to the line length.
Accordingly, the organic EL elements (160) can adequately
receive the actual desired current, thereby achieving an
organic EL device capable of bright displays and having
uniform display luminance within the display region.

DISPLAY

~J " PIXEL REGION

140

L

22

W
IANYANY/



Patent Application Publication Aug. 5,2004 Sheet 1 of 7 US 2004/0150351 A1

152 130 153
~N—

77 151
17—

155

154

1\

\

‘ % /_&/151

N

Fig. 1 RELATED ART



Patent Application Publication Aug. 5,2004 Sheet 2 of 7 US 2004/0150351 A1

180
D H D D
LN N N ¥ NN pispuay
w, ———J PIXEL REGION
_E%_ H @51315142
(] 1%

__f MU N AV

Y RV N

G I NN A\ )
S HJ S J

Fig.2 RELATED ART



Patent Application Publication Aug. 5,2004 Sheet 3 of 7 US 2004/0150351 A1

131LD
131LD 131LD

\114 114/

i

155
| / 17
7"

\

131 NS —_112
\ ) T
| 1 \'\
131d / Yoo 13\ 1318 154
131¢c 131c

167 165
v#/////////J/// 164
— 163
[ v e ek OIS IIIINA

117 5 114 114

D | ‘ 153
¢ . N
115 1 N
el /7 F1T T3 NN
112 | gy g—— 141
e NARRNR
/ 1 \ \ k! )
141s 141 4, 1o 1410 §41d

Fig. 38 RELATED ART



Patent Application Publication Aug. 5,2004 Sheet 4 of 7 US 2004/0150351 A1

130
131¢c ‘ 131c 181 183

131d/ 131 /131’5 —/ 182

R 140 % 161
~T] L~
160 / 182

—— V] e
e

81

Fig. 4



Patent Application Publication Aug. 5,2004 Sheet 5 of 7 US 2004/0150351 A1
180
D (H D D
M LM g
1837 132
DISPLAY
G N A / YR .
), ) 131 —— _ PIXEL REGION
_CT—.L ﬂ 5142
170 140
170 ~ i = =T
1547 | 161 B0 | 418 T~ 1414
' 160 160, —J___183
166 4T —
M S MUY
M\ MU &MU
' ) —

rl\ID

_\J_\J




US 2004/0150351 A1

Patent Application Publication Aug. 5,2004 Sheet 6 of 7

V9 ‘614

SLplL
ALY L
YN/ /) |l
Iyl \BNN &Y 77— '
/.,/ 1 4 17 ‘
| \ _ | LL
€81 } )
21—t YLl bLL I , JN)hS
LSS S S S S S S 4 AT EEA VPSS rIrryrys
‘ ]
k:\_ 29l _ ] o8t —wr f.B—
€91 V77777777777
pol mm:\ \



US 2004/0150351 A1

Patent Application Publication Aug. 5,2004 Sheet 7 of 7

Pivi

\

Iy

el zpL oL

g9 614

Sivi

181 1G1

0L —

ZLh
:;M,ul,ﬁl//”/u__ Ww\\\ e _wywv/u NN
NI SN vl 5 N
st R rﬁ_ FAL 7k 81~ ..,4.»-
€81 > g S
—F viL bli g = /
\\\\\\\\\\ A AT A AUl A AT \\\\\\\\\\\\\f\\
. ] {
191 29l - \vmmr cal z81 191
€9l ) I IIIIL I
oL Lo, J

191



US 2004/0150351 Al

EMISSIVE DISPLAY DEVICE AND
ELECTROLUMINESCENCE DISPLAY DEVICE
WITH UNIFORM LUMINANCE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an emissive display
device using emissive elements, such as electrolumines-
cence elements, which employs thin film transistors for
controlling such elements.

[0003] 2. Description of the Related Art

[0004] In recent years, electroluminescence (referred to
hereinafter as “EL”) display devices comprising EL ele-
ments have gained attention as potential replacements for
CRTs and LCDs. Research has been directed to the devel-
opment of EL display devices using, for example, thin film
transistors (referred to hereinafter as “TFT”) as switching
elements to drive the EL elements.

[0005] FIG. 1 is a plan view showing one display pixel of
an organic EL display device. FIG. 2 illustrates an equiva-
lent circuit for a plurality of display pixels in an organic EL
display device. FIG. 3A shows a cross-sectional view taken
along line A-A of FIG. 1, while FIG. 3B shows a cross-
sectional view taken along line B-B of FIG. 1.

[0006] As shown in FIGS. 1, 2, 3A, and 3B, each display
pixel is formed in a region surrounded by gate signal lines
151 and drain signal lines 152. A first TFT serving as a
switching element is disposed near a intersection of those
signal lines. The source 131s of the TFT simultaneously
functions as a capacitor electrode 155 such that, together
with the opposing storage capacitor electrode 154 described
later, it forms a capacitor. The source 131s is connected to
a gate electrode 142 of a second TFT 140 that drives the
organic EL element. The source 141s of the second TFT 140
contacts with the anode 161 of the organic EL element. The
drain 1414 is connected to a power source line 153.

[0007] Near the TFT 130, a storage capacitor electrode
154 is disposed in parallel with a gate signal line 151. The
storage capacitor electrode 154 is made of a material such as
chromium. The storage capacitor electrode 154 contacts the
capacitor electrode 155 via a gate insulating film 112 and
together stores charges, forming a capacitor. The capacitor
electrode 155 is connected to the source 131s of the first TFT
130. This storage capacitor is provided for retaining voltage
applied to the gate 142 of the second TFT 140.

[0008] The first TFT 130, or the switching TFT, will now
be explained.

[0009] As shown in FIGS. 1 and 3A, gate signal lines 151
made of refractory metal such as chromium (Cr) or molyb-
denum (Mo), which also serve as gate electrodes 132, are
formed on an insulator substrate 110 made of quartz glass,
non-alkali glass, or a similar material. Also disposed on the
substrate 110 are drain signal lines 152 composed of alu-
minum (Al) and power source lines 153 also composed of Al
and serving as the power source for the organic EL elements.

[0010] After forming gate signal lines 151 on the substrate
110, a gate insulating film 112 and an active layer 131
composed of poly-silicon (referred to hereinafter as “p-Si”l)
film are sequentially formed. The active layer 131 is of a

1. Field of the Invention
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so-called LDD (Lightly Doped Drain) structure. Specifi-
cally, low-concentration regions 131LD are formed on both
sides of each gate 132. The source 131s and the drain 1314,
which are high-concentration regions, are further disposed
on the outboard sides of the low-concentration regions
131LD.

[0011] An interlayer insulating film 115 formed by
sequential lamination of a Si0, film, a SiN film, and a SiO,
film is provided on the entire surface over the gate insulating
film 112, the active layer 131, and stopper insulating films
114. A contact hole formed in a position corresponding to the
drain 1414 is filled with metal such as Al, forming a drain
electrode 116. Further, a planarizing insulating film 117
made of an organic resin or a similar material is formed over
the entire surface for planarization.

[0012] The second TFT 140, or the TFT for driving the
organic EL element, will next be described.

[0013] As shown in FIG. 3B, gate electrodes 142 com-
posed of refractory metal such as Cr or Mo are formed on the
insulator substrate 110 made of quartz glass, non-alkali
glass, or a similar material. Further on top, a gate insulating
film 112 and an active layer 141 composed of p-Si film are
sequentially formed. The active layer 141 is provided with
intrinsic or substantially intrinsic channels 141c¢ formed
above the gate electrodes 142, and the source 141s and drain
1414 are formed on respective sides of these channels 141¢
by ion doping using p-type impurities, thereby constituting
a p-type channel TFT.

[0014] An interlayer insulating film 115 formed by
sequential lamination of a SiO, film, a SiN film, and a SiO,
film is provided on the entire surface over the gate insulating
film 112 and the active layer 141. A contact hole formed in
a position corresponding to the drain 141d is filled with
metal such as Al, forming a power source line 153 connected
to a power source. Further, a planarizing insulating film 117
made of an organic resin or a similar material is formed over
the entire surface for planarization. A contact hole is formed
in the planarizing insulating film 117 in a position corre-
sponding to the source 141s. A transparent electrode made of
ITO (indium tin oxide) that contacts the source 141s through
this contact hole, namely, the anode 161 of the organic EL
element, is formed on the planarizing insulating film 117.

[0015] The organic EL element 160 is formed by laminat-
ing, in order, the anode 161 constituted by a transparent
electrode made of ITO or similar material, an emissive
element layer 66 which is composed with materials includ-
ing an organic compound and comprises an emissive layer,
and a cathode 167 made of a magnesium-indium alloy. The
cathode 167 is disposed over the entire surface of the organic
EL display element shown in FIG. 1, that is, covering the
entire sheet of the figure.

[0016] In an organic EL element, holes injected from the
anode and electrons injected from the cathode recombine in
the emissive layer. As a result, organic molecules constitut-
ing the emissive layer are excited, generating excitons.
Through the process in which these excitons undergo radia-
tion until deactivation, light is emitted from the emissive
layer. This light radiates outward through the transparent
anode via the transparent insulator substrate, resulting in
light emission.

[0017] In this way, electric charge applied via the source
131s of the first TFT 130 is accumulated in the storage
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capacitor 170 and applied to the gate 142 of the second TFT
140. According to this voltage, the organic EL element emits
light.

[0018] As shown in FIG. 2, each power source line
connected to the power source for driving the organic EL
elements is connected with a power source input terminal
180 disposed outside the display pixel region. The power
source lines are arranged and connected with each vertical
array of display pixels. With such an arrangement, at posi-
tions more distant from the power source input terminal 180
resistance of each power source line increases along with its
length. The organic EL elements 160 located in display
pixels distant from the power source input terminal 180 are
therefore not adequately provided with necessary current,
causing a disadvantage that the display in such area is dim.

SUMMARY OF THE INVENTION

[0019] The present invention was created in light of the
above existing disadvantage. The purpose of the present
invention is to provide an EL display device which prevents
decrease in power source current due to resistance of power
source lines, and adequately provides EL elements with
current that should actually be supplied, accomplishing
bright display.

[0020] To achieve the above purpose, the present inven-
tion provides an electroluminescence display device com-
prising a plurality of display pixels arranged in a matrix
within a display pixel region, said display pixels having
electroluminescence elements including an emissive layer
between first and second electrodes, wherein, within said
display pixel region, power source line for supplying power
from a power source to said electroluminescence elements is
disposed in a grid pattern.

[0021] According to another aspect of the present inven-
tion, said power source line includes main power source
lines arranged in plural numbers within said display pixel
region, and at least one bypass power source line extended
to intersect and connect said main power lines within said
display pixel region.

[0022] In afurther aspect of the present invention, each of
said display pixels further comprises a first thin film tran-
sistor having a gate electrode connected to a gate line, and
a first electrode region connected to a data line; and a second
thin film transistor having a gate electrode connected to a
second electrode region of said first thin film transistor, a
first electrode region connected to one of said main power
source lines, and a second electrode region connected to said
electroluminescence element.

[0023] In astill further aspect of the present invention, an
emissive display device comprises a plurality of display
pixels arranged in a matrix within a display pixel region,
each of said display pixels having emissive elements includ-
ing an emissive layer between first and second electrodes;
wherein, within said display pixel region, power source line
for supplying power from a power source to said emissive
elements is disposed in a grid pattern.

[0024] According to another aspect of the present inven-
tion, in any one of the above-described devices, said power
source line includes main power source lines arranged in
plural numbers along the column direction of said matrix
within said display pixel region, and at least one bypass
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power source line extended in the row direction of said
matrix to intersect and connect a plurality of said main
power lines.

[0025] According to a further aspect of the present inven-
tion, in any one of the above-described devices, each of said
display pixels further comprises a first thin film transistor
having a gate electrode connected to a gate line, and a first
electrode region connected to a data line; and a second thin
film transistor having a gate electrode connected to a second
electrode region of said first thin film transistor, a first
electrode region connected to one of said main power source
lines, and a second electrode region connected to said
electroluminescence element or said emissive element.

[0026] In another aspect of the present invention, there is
provided an electroluminescence display device comprising
a display pixel region having a plurality of display pixels
arranged in a matrix. Each of said display pixels includes an
electroluminescence element having an emissive layer
between an anode and a cathode; a first thin film transistor
having a gate electrode connected to a gate line, and a first
electrode region connected to a data line; and a second thin
film transistor having a gate electrode connected to a second
electrode region of said first thin film transistor, a first
electrode region connected to a power source line for
supplying power from a power source to said electrolumi-
nescence element, and a second electrode region connected
to said electroluminescence element. Said power source line
is provided in plural numbers along the column direction of
said matrix within said display pixel region, and those power
source lines that are associated with the display pixels
adjacently arranged along the row direction are connected to
one another via a bypass power source line extending in the
row direction of said matrix.

[0027] As described above, the power source line for
supplying power (current or voltage) from the power source
to emissive elements such as electroluminescence elements
is arranged in a grid pattern. Alternatively, a plurality of
main power source lines may be electrically connected by
bypass power source line(s) arranged to intersect the main
power source lines. Such an arrangement can minimize the
difference between power supplied to emissive elements
located near and far from the power source that arises from
wiring resistance of the power source lines. Accordingly, the
power that should be supplied can adequately be provided to
each display pixel emissive element. Irregularities in the
luminance between the display pixels that emit light accord-
ing to supplied power can thereby be reduced, accomplish-
ing uniform light emission within the display pixel region.

[0028] According to a still further aspect of the present
invention, in any one of the above-described devices, said
first and said second thin film transistors include active
layers composed of poly-silicon.

[0029] Use of thin film transistors, especially those
employing poly-silicon as the active layers, as elements for
controlling the emissive elements can contribute to large
display size and high resolution in display devices because
thin film transistors are capable of high-speed operation and
control emissive elements to reliably emit light during an
appropriate period of time. Further, pixel driver circuits
comprising poly-silicon thin film transistors created using
similar processes as the TFTs within the pixel region can be
integrated on the same subsirate where the display pixel
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region is formed. This can contribute to reducing the size of
margins in a display device and to reduction in manufac-
turing cost of the overall display device.

[0030] In another aspect of the present invention, said
emissive layer may be a layer using an organic compound as
an emissive material. Forming the emissive layer using an
organic compound can be extremely advantageous espe-
cially in a color display device because organic compounds
can provide many variations in emitted colors and a wide
selection of materials.

[0031] According to another aspect of the present inven-
tion, said main power source lines and said bypass power
source line are conductive line integrally formed. Alterna-
tively, said main power source lines and said bypass power
source line may be conductive lines separately formed in
different processes.

[0032] 1In a further aspect of the present invention, said
bypass power source line in the above-described device is
formed in a layer located underneath said main power source
lines and separated by an insulating layer, and is connected
to said main power source lines via contact holes.

[0033] In a still further aspect of the present invention,
said bypass power source line is formed in a same layer as
a gate line.

[0034] According to a further aspect of the present inven-
tion, said bypass power source line is formed on a gate
insulating film, and an interlayer insulating film that sepa-
rates the active layer of said second thin film transistor and
a main power source lines is provided between said bypass
power source line and said main power source line as said
insulating layer.

[0035] These arrangements allow efficient and reliable
formation of the main power source lines and the bypass
power line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a plan view illustrating a related art EL
display device.
[0037] FIG. 2 is a diagram showing an equivalent circuit

for display pixels of the related art EL display device.

[0038] FIG. 3A shows a cross-sectional view taken along
line A-A of FIG. 1.

[0039] FIG. 3B shows a cross-sectional view taken along
line B-B of FIG. 1.

[0040] FIG. 4 shows a plan view of an EL display device
according to an embodiment of the present invention.

[0041] FIG. 5 is a diagram showing an equivalent circuit
for display pixels of the EL display device according to the
embodiment of the present invention.

[0042] FIG. 6A show a cross-sectional view of the EL
display device along line B-B of FIG. 4.

[0043] FIG. 6B shows another cross-sectional view of the
EL display device along line B-B of FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0044] The display device of the present invention will
now be described.
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[0045] FIG. 4 is a plan view illustrating one display pixel
in an organic EL display device implementing the present
invention. FIG. 5 is a diagram showing an equivalent circuit
for a plurality of display pixels of the organic EL display
device. Each of FIGS. 6A and 6B shows a cross-sectional
view taken along line B-B in FIG. 4. A separate drawing for
the cross-sectional view taken along line A-A of FIG. 4 is
not included because this view is identical to the previously
described FIG. 3A.

[0046] In the present embodiment, TFTs having gate elec-
trodes disposed underneath the active layer 131, namely,
bottom-gate type TFTs, are employed as the first and second
TFTs 130,140. The TFTs of the present embodiment use a
p-Si film as the active layers, and include gate electrodes
132,142 comprising the double-gate structure.

[0047] The organic EL display device is configured by
sequentially forming layers of TFTs and organic EL ele-
ments on a substrate 110 made of a material such as glass or
synthetic resin, or alternatively on a conductive or semi-
conductor substrate having an insulating film of SiO,, SiN,
or a similar material on its surface.

[0048] As shown in FIGS. 4 and 5, each display pixel is
formed in a region surrounded by gate signal lines 151 and
drain signal lines 152. The organic EL display device is
formed by arranging display pixels having organic EL
elements 160 and TFTs 130,140 on the substrate 110 in a
matrix.

[0049] The first TFT 130 is disposed near a intersection of
the two signal lines 151, 152. The source 131s of the TFT
simultaneously functions as a capacitor electrode 155 which,
together with the opposing storage capacitor electrode 154,
forms a storage capacitor. The source 131s is connected to
a gate electrode 142 of the second TFT 140. The source 141s
of the second TFT 140 contacts with the anode 161 of the
organic EL element 160. The drain 141d is connected 1o a
power source line 183 for driving the organic EL element.

[0050] Near the TFT 130, a first storage capacitor elec-
trode 154 is disposed in parallel with a gate signal line 151.
The first storage capacitor electrode 154 is made of a
material such as chromium, and a predetermined common
voltage is applied to each of the storage capacitor electrode
154 as shown in FIG. 5. The storage capacitor electrode 154
is opposed to the capacitor electrode 155 via a gate insulat-
ing film 112 and together stores charges, forming a storage
capacitor.

[0051] In the first TFT 130 provided as the switching TFT,
as shown in FIGS. 4 and 3A, gate signal lines 151 made of
refractory metal such as Cr or Mo which also serve as gate
electrodes 132 are formed on an insulator substrate 110
made of quartz glass, non-alkali glass, or a similar material.
Also disposed on the substrate 110 are drain signal lines 152
composed of Al and power source lines 183 also composed
of Al and serving as the power source for the organic EL
elements. The first storage capacitor electrode 154 made of
refractory metal such as Cr or Mo are provided in the same
layer as the gate electrodes.

[0052] After forming the gate signal lines 151 (gate elec-
trodes 132) and first storage capacitor electrodes 154, a gate
insulating film 112 and an active layer 131 composed of p-Si
film are sequentially formed. Stopper insulating films 114
made of SiO, are provided on top of the active layer 131
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above the gate electrodes 132. The stopper insulating films
114 serve as masks that cover channels 131¢ for preventing
ions from entering into the channels 131¢ during ion doping
performed for forming the source 1315 and the drain 1314.
The active layer 131 is provided with the so-called LDD
structure. Specifically, low-concentration regions 131LD are
formed on both sides of each gate 132. The source 131s and
the drain 1314, which are high-concentration regions, are
further disposed on the outboard sides of the low-concen-
tration regions 131LD. The p-Si film of the active layer
extends over the storage capacitor electrode 154 to function
as the second storage capacitor electrode 155 which forms a
storage capacitor together with the storage capacitor elec-
trode 154 via the gate insulating film 112.

[0053] An interlayer insulating film 115 formed by
sequential lamination of a Si0, film, a SiN film, and a Si0,
film is provided on the entire surface over the gate insulating
film 112, the active layer 131, and stopper insulating films
114. A contact hole formed in a position corresponding to the
drain 1414 is filled with metal such as Al, forming a drain
electrode 116. Further, a planarizing insulating film 117
made of an organic resin or a similar material is formed over
the entire surface for planarization.

[0054] The second TFT 140, or the TFT for driving the
organic EL element 160, will next be described.

[0055] As shown in FIGS. 6A and 6B, gate electrodes 142
composed of refractory metal such as Cr or Mo are formed
on the insulator substrate 110 made of quartz glass, non-
alkali glass, or a similar material.

[0056] Further on top, a gate insulating film 112 and an
active layer 141 composed of p-Si film are sequentially
formed.

[0057] The active layer 141 is provided with intrinsic or
substantially intrinsic channels 141¢ formed above the gate
electrodes 142. The source 141s and drain 141d are formed
on respective sides of these channels 141¢ by performing ion
doping with p-type impurities such as boron (B) while
covering those respective sides with a resist.

[0058] An interlayer insulating film 115 formed by
sequential lamination of a Si0, film, a SiN film, and a SiO,
film is provided on the entire surface over the gate insulating
film 112 and the active layer 141. A contact hole formed in
a position corresponding to the drain 1414 is filled with
metal such as Al, forming a power source line 183 connected
to a power source input terminal 180. Further, a planarizing
insulating film 117 made of an organic resin or a similar
material is formed over the entire surface for planarization.
A contact hole is formed in the planarizing insulating film
117 in a position corresponding to the source 141s. A
transparent electrode made of ITO that contacts the source
141s through this contact hole, namely, the anode 161 of the
organic EL element, is formed on the planarizing insulating
film 117.

[0059] The organic EL element 160 is configured such that
an emissive element layer 166 is interposed between the
anode 161 and the cathode 167. In the present embodiment,
the anode 161, the emissive element layer 166, and the
cathode 167 are formed in that order on top of the planariz-
ing insulating film 117. According to the present embodi-
ment, the emissive element layer includes an organic com-
pound as its component. The emissive element layer is

Aug. 5, 2004

constituted by forming, in order, a first hole-transport layer
162, a second hole-transport layer 163, an emissive layer
164, and an electron-transport layer 165.

[0060] The anode 161 is, as mentioned above, a transpar-
ent electrode formed using ITO. The first hole-transport
layer 162 is composed using MTDATA (4,4',4"-tris(3-me-
thylphenylphenylamino)triphenylamine). The second hole-
transport layer 163 is composed using TPD (N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine). The
emissive layer 164 is formed using quinacridon derivatives
and Bebq, (bis(10-hydroxybenzo[ h]quinolinato) beryllium).
The electron transport layer 165 is composed using Bebgs.
The cathode 167 is made of a magnesium-indium alloy. The
cathode 167 is formed as a common electrode covering the
entire surface of the substrate 110 on which the organic EL
display device is disposed, or covering at least the display
region. It should be noted that the configuration and com-
ponent materials of the organic EL elements 160 are not
limited to the above-mentioned examples, and that other
configurations and materials may similarly be used.

[0061] Next explained are the power source lines (main
power source lines) 183 and the power source bypass lines
(bypass power source lines) 181 for supplying drive current
(power) to the above-described organic EL elements 160 via
the input terminals 180. FIGS. 6A and 6B illustrate
examples of bypass lines 181 formed by different manufac-
turing processes.

[0062] Each power source line 183 is arranged within the
display pixel region in parallel with the drain signal lines
(data lines) 153 along the column direction, as shown in
FIG. 4. Each power source line 183 is connected to display
pixels assigned as forming one column, and supplies drive
current from the power source input terminal 180 to the
organic EL elements 160 via the second TFTs 140.

[0063] In the present invention, the power source lines 183
disposed for each column between display pixels are elec-
trically connected by bypass lines 181 arranged along the
horizontal direction in FIG. 4 (the row direction), providing
a circuit configuration having a grid pattern within the
display pixel region. In the related art wiring configuration
shown in the previously-described FIG. 2, the distance
along the column direction from the power source input
terminals 180 to display pixels imposed a restriction on the
power (current) that can be supplied to the display pixel.
However, by providing the bypass lines 181 along the row
direction as in the present embodiment, the display pixels
can simultaneously receive current supply along the row
direction via the bypass lines 181. Accordingly, in one row,
the plurality of power source lines 183 arranged along the
column direction can be maintained approximately at the
same potential, reducing the dependency of power to be
supplied to each display pixel on the distance from the input
terminal 180.

[0064] The bypass lines 181 are formed using a low-
resistance, conductive material such as Al. The bypass lines
181 can be integrally formed in one process with the power
source lines 183 on the interlayer insulating film 115 as
shown in FIG. 6A, by forming line on the substrate in a grid
pattern. The lines 183 and 181 may alternatively be formed
in different processes and connected via contact holes 182.
In either case, to prevent short-circuiting at the intersections
with the drain signal lines 152 formed on the interlayer
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insulating film 115 similar to the power source lines 183 and
the bypass lines 181, it is necessary to provide insulating
films 190 in the form of pads at the intersections of the lines
152 and 181 for interlayer insulation. This is shown in FIG.
4 using dotted lines.

[0065] Further, as shown in FIG. 6B, each bypass line 181
may be formed in the same process as the gate signal lines
151 using a refractory metal such as Mo along the row
direction in parallel with the gate signal lines 151. In this
case, contact holes 182 are created as shown by dotted lines
in FIG. 6B in positions where the bypass lines 181 intersect
the power source lines 183 formed on the interlayer insu-
lating film 115. The lines 183 and 181 are connected via the
contact holes 182. The bypass lines 181 can also be formed
in a different layer from the gate signal lines 151 on the gate
insulating film 112, as shown by dotted lines in FIG. 6B, and
connected via the contact holes 182 to the lines 183 formed
on the interlayer insulating film 115.

[0066] Connecting of power source lines 183 of adjacent
display pixels using bypass lines 181 as described above can
minimize increase in resistance in locations more distant
from the power source input terminals 180 due to the wiring
length of the power source lines 183. The organic EL
elements 160 disposed in each display pixel can therefore
adequately receive current that should actually be supplied,
preventing decrease in display luminance due to increased
resistance.

[0067] Resistance can be further reduced by enlarging the
wiring width of the power source lines 183 and the bypass
lines 181 as shown in FIG. 4. The organic EL elements 160
disposed in each display pixel can therefore adequately
receive current that should actually be supplied, preventing
lack of display luminance. In addition, such widening of the
line width can prevent generation of electromigration. The
line width of 183 and 181 may be, for example, as large as
the width of the drain signal line 152, or even larger.

[0068] With respect to reduction of resistance, it is pref-
erable that the bypass lines 181 be formed for each row as
shown 1n the above-described FIGS. 4 and 5. However, 1t
is not necessary that bypass lines 181 be provided for each
row. The bypass lines 181 may be formed for every prede-
termined number of rows. Moreover, the presence of at least
one bypass line 181 in the display pixel region can contrib-
ute to enhancement of uniformity in the luminance within
the region. When more than one bypass line 181 is provided
in the pixel region, the power source lines 183 constitute a
circuit configuration comprising a grid pattern within the
region, regardless of the physical connection method
between the bypass lines 181 of the present invention and
the power source lines 183.

[0069] While the above embodiment referred to a case
where the gate electrodes 132, 142 constitute the double gate
structure, the present invention is not limited to such a
structure. The same advantages of the present invention can
be achieved using a single gate structure or a multi-gate
structure having more than three gates.

[0070] Although p-Si films were employed as the semi-
conductor films in the above embodiment, semiconductor
films comprising microcrystalline silicon films or non-crys-
talline silicon films may alternatively be used.

[0071] In view of manufacturing cost reduction and alle-
viation variations of TFT characteristics, it is preferable to
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form corresponding components in each pixel in the same
manufacturing processes. Such corresponding components
may include the gate electrodes 132,142, gate insulating film
112, and active layers 131,141 of the first and second TET
130,140, the interlayer insulating film 115, and the planariz-
ing insulating film 117. When poly-silicon is used as the
active layers in each TFT as described in the above embodi-
ment, it is possible to form these active layers in same
process. For example, an amorphous silicon film may be
formed on the entire substrate and then polycrystallized by
a method such as laser annealing. The poly-silicon film
created in this way may be used as an active layer in each
of the first and second TFTs 130, 140.

[0072] Further, while the above embodiment was
explained using an organic EL display device as an example,
the present invention is not limited to organic EL display
devices. Similar effects as those accomplished in the organic
EL display device can be achieved in an inorganic EL
display device which uses, as emissive elements instead of
organic EL elements, inorganic EL elements comprising
inorganic emissive materials. Alternatively, the present
invention may be applied in a vacuum fluorescent display
(VFD) having a fluorescent layer as the emissive layer
between two electrodes.

What is claimed is:
1. An electroluminescence display device, comprising:

a plurality of display pixels arranged in a matrix within a
display pixel region on a substrate, said display pixels
having electroluminescence elements including an
emissive layer between first and second electrodes;
wherein

within said display pixel region, a power source line for
supplying power from a power source to said electrolu-
minescence elements is disposed in a grid pattern.

2. The device defined in claim 1, wherein said power
source line includes main power source lines arranged in
plural numbers within said display pixel region, and at least
one bypass power source line extended to intersect and
connect said main power lines within said display pixel
region.

3. The device defined in claim 2, wherein each of said
display pixels further comprises:

a first thin film transistor having a gate electrode con-
nected to a gate line, and a first electrode region
connected to a data line; and

a second thin film transistor having a gate electrode
connected to a second electrode region of said first thin
film transistor, a first electrode region connected to one
of said main power source lines, and a second electrode
region connected to said electroluminescence element.

4. The device defined in claim 3, wherein said first and
said second thin film transistors include active layers com-
posed of poly-silicon.

5. The device defined in claim 1, wherein said power
source line includes main power source lines arranged in
plural numbers along the column direction of said matrix
within said display pixel region, and at least one bypass
power source line extended in the row direction of said
matrix within said display pixel region to intersect and
connect said main power lines.
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6. The device defined in claim 5, wherein each of said
display pixels further comprises:

a first thin film transistor having a gate electrode con-
nected to a gate line, and a first electrode region
connected to a data line; and

a second thin film transistor having a gate electrode
connected to a second electrode region of said first thin
film transistor, a first electrode region connected to one
of said main power source line, and a second electrode
region connected to said electroluminescence element.

7. The device defined in claim 6, wherein said first and
said second thin film transistors include active layers com-
posed of poly-silicon.

8. The device defined in claim 5, wherein said main power
source lines and said bypass power source line are conduc-
tive line integrally formed.

9. The device defined in claim 5, wherein said main power
source lines and said bypass power source line are conduc-
tive lines separately formed in different processes.

10. The device defined in claim 9, wherein said bypass
power source line is formed in a layer located underneath
said main power source lines and separated from said main
power source lines by an insulating layer, and is connected
to said main power source lines via contact holes.

11. The device defined in claim 10, wherein said bypass
power source line is formed in a same layer as a gate line.

12. The device defined in claim 10, wherein said bypass
power source line is formed on a gate insulating film, and an
interlayer insulating film that separates an active layer of
said second thin film transistor and said main power source
lines is provided between said bypass power source line and
said main power source lines as said insulating layer.

13. The device defined in claim 1, wherein said emissive
layer is a layer using an organic compound as an emissive
material.

14. An electroluminescence display device, comprising:

a display pixel region having a plurality of display pixels
arranged in a matrix, wherein each of said display
pixels includes:

an electroluminescence element having an emissive layer
between an anode and a cathode;

a first thin film transistor having a gate electrode con-
nected to a gate line, and a first electrode region
connected to a data line; and

a second thin film transistor having a gate electrode
connected to a second electrode region of said first thin
film transistor, a first electrode region connected to a
power source line for supplying power from a power
source to said electroluminescence element, and a
second electrode region connected to said electrolumi-
nescence element; and wherein

said power source line is provided in plural numbers
along the column direction of said matrix within said
display pixel region, and those power source lines that
are associated with the display pixels adjacently
arranged along the row direction are connected to one
another by a bypass power source line extending in the
row direction of said matrix.
15. The device defined in claim 14, wherein said first and
said second thin film transistors include active layers com-
posed of poly-silicon.
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16. The device defined in claim 14, wherein said main
power source lines and said bypass power source line are
conductive line integrally formed.

17. The device defined in claim 14, wherein said main
power source lines and said bypass power source line are
conductive lines separately formed in different processes.

18. The device defined in claim 17, wherein said bypass
power source line is formed in a layer located underneath
said main power source lines and separated from said main
power source lines by an insulating layer, and is connected
to said main power source lines via contact holes.

19. The device defined in claim 18, wherein said bypass
power source line is formed in a same layer as a gate line.

20. The device defined in claim 18, wherein said bypass
power source line is formed on a gate insulating film, and an
interlayer insulating film that separates an active layer of
said second thin film transistor and said main power source
lines is provided between said bypass power source line and
said main power source line as said insulating layer.

21. The device defined in claim 14, wherein said emissive
layer is a layer using an organic compound as an emissive
material.

22. An emissive display device comprising:

a plurality of display pixels arranged in a matrix within a
display pixel region, each of said display pixels having
emissive elements including an emissive layer between
first and second electrodes; wherein

within said display pixel region, power source line for
supplying power from a power source to said emissive
elements is disposed in a grid pattern.

23. The device defined in claim 22, wherein said power
source line includes main power source lines arranged in
plural numbers along the column direction of said matrix
within said display pixel region, and at least one bypass
power source line extended in the row direction of said
matrix within said display pixel region to intersect and
connect said main power lines.

24. The device defined in claim 23, wherein each of said
display pixels further comprises:

a first thin film transistor having a gate electrode con-
nected to a gate line, and a first electrode region
connected to a data line; and

a second thin film transistor having a gate electrode
connected to a second electrode region of said first thin
film transistor, a first electrode region connected to one
of said main power source lines, and a second electrode
region connected to said emissive element.

25. The device defined in claim 24, wherein said first and
said second thin film transistors include active layers com-
posed of poly-silicon.

26. The device defined in claim 23, wherein said main
power source lines and said bypass power source line are
conductive line integrally formed.

27. The device defined in claim 23, wherein said main
power source lines and said bypass power source line are
conductive lines separately formed in different processes.

28. The device defined in claim 27, wherein said bypass
power source line is formed in a layer located underneath
said main power source lines and separated from said main
power source lines by an insulating layer, and is connected
to said main power source lines via contact holes.



US 2004/0150351 Al

29. The device defined in claim 28, wherein said bypass
power source line is formed in a same layer as a gate line.
30. The device defined in claim 28, wherein said bypass
power source line is formed on a gate insulating film, and an
interlayer insulating film that separates an active layer of
said second thin film transistor and said main power source
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lines is provided between said bypass power source line and
said main power source lines as said insulating layer.

31. The device defined in claim 22, wherein said emissive
layer is a layer using an organic compound as an emissive
material.
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